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Description 

Field of the Invention 

5 This invention relates to microencapsules which contain a solid biologically active compound suspended in a liquid, 
and processes for their preparation and Ibr the use of such microcapsules. 

Backoround and Prior Art 

10 Miaocapsute technology has been in existence for a number of years. Microcapsules have a variety of uses, espe* 
cially for containing dyes, inks, chemical reagents, pharnfiaceuticals, flavoring nDateriats, and more especially agro- 
chemicals, that is fungicides, bacterick!es» insecticides, herbicides and the like. 

The development and uses of microencapsulation are descn'bed by Gordon Marrs and Herbert B. Scher in Chapter 
4 of "Controlled Delivery of Crop Protection Agents'* (London, Taylor and Francis. 1990). As discussed by Marrs and 

IS Scher, there are three methods off forniing microcapsules: i) phystoal methods, ii) phase separation methods and iii) 
interfecial polymerization. 

In the third of these methods, the walls of microcapsules are generally formed of polymeric material produced by a 
polymerisation reaction which preferably takes place at the interface between two phases, usually an aqueous phase 
and a water-immiscible organic phase. Thus, they may be produced from a water-in-oil emulsion or more usually an oil- 
20 in-water emulsion. 

A basic patent dealing with microcapsule technology is US. Patent No. 4.285.720. In this patent the walls of the 
microcapsules are produced from polymers formed by reactions of isocyanate monomers. 

A second means of forming microcapsules by interfacial polymerization is described in U.S. Patent 4,956,129. in 
this patent polymeric microcapsule walls are produced from etherif ied urea-formaldehyde prepolymers which undergo 
25 self-condensation polymerization under add condittons. 

Various improvements on these techniques have been suggested. For example, US. Patent 4.140,516. describes 
the use of phase transfer catalysts while US. Patent 4,448,929. describes the use of an improved protective colloid. 
However, in all these patents, the process have been applied only to liquids, i.e., to materials whk^ are liquki at ambient 
temperature or to solutions. Unfortunately, many biologically active compounds are solids with high melting points and 
30 are not readily soluble in most commonly used solvents. The benef its of microencapsulation e.g.. controlled release and 
increased longevity of efficacy have not been readily available to such compounds using known techniques. 

It is also known to surround solids by a polymer matrix. Thus, in U.S. Patent 4.428.983, there Is described a process 
for producing quartz crystals in a polymer matrix. TTie patent uses the term suspension for describing the paste of 
quartz crystals in the prepolymer. but tiiis publication does not describe the production of microcapsules containing a 
35 solid suspended in a liquki. 

There are a large numt>er of publications dealing with the production and application of microencapsulated formu- 
lations of haloacetanilide herbfokles. These include US. Patents 4,280.833; 4.417.916; 4,534.783; 4.563.212; and 
4,640,709. Additionally, US. Patent 4.936,901 disctoses herbiddal compositions which are dry f lowable water-dispers- 
ible granular formulations comprising a mixture of microcapsules of a water-insoluble pestickle (including a haloacetani- 
40 lide herbickie) encapsidated witiiin a polymeric shell wall and at least one other pestidde which is nonencapsulated. 
Such compodtions were necessary since no satisfactory technkiues to produce a mforocapsule containing a soiki, bfo- 
logically activate herbickie suspended in a liquid have been known. 

GB-A-201 1341 discloses an encapsulation technique using interfacial polymerization which may be applied to sol- 
ids suspended in Tiquids. It is not surprising that capsules containing a biologically active solid suspended in a Tquid 
45 have not been made up until the present time since the problems to be faced in producing such a capsule are formkJa- 
ble. For exanpie, in forming such capsules from an oil-in-water emulsion, the following difficulties must be addressed: 

Firstiy, a stable suspension of the solid in a water-immisdble liquid must be produced. If dispersants or surfactants 
are used, they nrust not interfere with further processes of dispersion used in making microcapsules. 

Secondly, the suspension must be dispersed in water to produce stable, well dispersed droplets. For biologically 
so active substances, it Is preferable to have very small droplets of liquid dispersed in water to present a high surface area 
in tiie resulting microcapsules. To produce very small droplets requires high shear forces which would tend to break 
down the droplets and/or release the sofid from suspenskm. Surfactants are usually required to achieve good disper- 
sion and stable droplets. 

Thirdly, the presence of one or more surfactants can make ttie dispersed droplet system unstable and the phenom- 
55 enon of phase inversion may occur i.e.. the water forms small droplets within the liqukj. a water-in-oil emulsion. 

Fourttily. the solki suspended in the water-immisdble liquid is liable to migrate to the aqueous phase, particularly 
when emulsifying surfactants are used. 
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SUMMARY OF THE INVENTK3N 

tt has now been found that the above problems can be overcome and rt is possible to produce nrucrocapsulated 
compositions containing a solid biologically active compound suspended in a liquid. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the invention, a miaoencapsulated fornulation of a solid biologically active compound sus- 
pended in a liquid is produced by phase separation or interfadal polymerization techniques. The prefen'ed technique is 
interfacial polymerization, especially producing the capsules from an oil-in-water emulsion by procedures such as those 
desaibed in U.S. Patent 4.285,720, and U.S. Patent 4.956.129. modified as described herein. 

The solid, biologically active compound is preferably an agrochemical and espedally a herbicide. 
Preferred herbicides are s-triazines, e.g., atrazine, simazine, propazine, cyprozlne; 
Sulphonylureas e-g.. chlorsulfuron, chbrimuronethyl. metsulfuron*methyl, thiameturon-methyt; and 
Triketones e.g.. sulcotrione. 
An especially pretended herbicide is atrazine. 

Another suitable compound is the fungicide (E)-methyl 2-[2-(6-(2-cyanophenoxy}pyrimidin-4-ytoxy)phenyQ-3-meth- 
oxypropenoate. 

The liquid in which the solid is suspended may suitably be a second herbicide, especially a thiocarbamate or a 
haloacetaniiide and preferably acetochlor. 

The haloacetanilides. particularly the siAxHass generally known as a^loroacelanllides, are a well-known dass of 
hert}icidal agents and have been used and proposed for use in a number of crop and non-aop applications. Some of 
the better known members of this dass include a-chloro-6'-ethyf-N-{2-melhoxy-1-methylethyl)-acetanillde (metol- 
achlor). N4xitoxymethyl-a-chloro-2\6'<liethylacetanilkle (butachlor), a-chloro-2\6'<iiethyl-N-methoxymethyIacetanilide 
(alachlor), 2-chIoro-N-(ethoxymethyl)-6'-ethyl-o-acetotoluidide (acetochlor) and a-chloro-N-isopropylacetanilkJe 
(propachlor). Many other compounds of this type are disclosed in numerous patents. 

The thiocarbamates are a well known dass of herbidde which includes 

Molinate - S-ethyl hexahydro-1 H-azepine-1 -carbothioate 

Butytate - S-ethyi diisobutylthkx^ubamate 

EPTC - ethyl drpropylthiofoart>amate 

Triallate - 2.3.3-trichtoroallyl-dlisopropylthfolcarbamate 

Diallate - d8-1-trans-2,3-dichk)roallyl-diisopropylthiolcarbamate 

Vernolate • S-propyl dipropylthldcarbamate 

The microcapsules of the invention suitably contain 0.1-55% by weight of biologically active compounds. 

The liqukJ may alternatively be any organic solvent which is immisdbie with water, does not dissdve the biologically 
active solid to appreciable extent and is polar enough to dissolve the prepolymers used to form the walls of the micro- 
capsules. 

Suitable examples of such solvents are aromatic compounds such as xylenes or naphthalenes, espedally 
Solvesso 200; aliphatic compound such as alkyi esters, espedally alkyl acetates. e.g.. Exxate 700 - Exxate 1000; alkyi 
phthalates. such as diethyl pMalate, dbutylphthalate; alcohols, such as Iscpropyt ateohol; ketones, such as acetophe- 
none. cyclohexanone. The solvent may be a mixture of more than are compomd. 

A safener tor either heifoidde may be present and many such safeners or antidotes as well known In the art. Pre- 
ferred types for use with haloacetanilkle herbiddes indude dichtoroacetamkies such as dichlormid (N,N<liallyl dichlo- 
roacetamlde); 2,2.5-trimethyl-3-dichloroacetyl oxazdidine (R-29148). N-dichloroacetyl-1-oxa-4-azaspiro[4.5]decane 
{AD-67); 4-dichloroacetyl-2.3-dihydro-3-methyl-1.4-benzaxazine (CGA-154281); 1-(dichloroacetyl)hexahydro-3,3,8a- 
trimethylpyrrolo-[1 .2-a]i3yrimidin-6(2H)-one and N-(1 ,3-diQxolan-2-yl-methyl)-N-(2-propenyl)-2,2-dichloroacetamide 
(PPG-1292). 

These and other dichloroacetamWes are described, for instance, in U.S. Patents 4, 1 24,372; 4.256.481 ; 4.294,764; 
4,448,960; 4,601.745; 4.618,361; 4.708,735 and 4.900.350. Additional known types of safeners or antidotes include 
certain oxime derivatives (U.S. Patents 4.070.389 and 4,269.775. for instance), thiazole carboxyllc adds and deriva- 
tives (U.S. Patent 4,199.506 for instance), haloacyltetrahydrdsoquinolines (U.S. Patent 4.755.218. Ibr example), aryl 
cyclopropane carbonitriles (US. Patent 4.859.232. fbr example) and 1 .8-naphthalfo acid, its anhydride and derivatives. 

Safeners or antidotes, when included, will usually be contained in the organic or water-immiscaE)le phase. 

The prefenred materials for the miaocapsule is a polyurea. formed as described in U.S. Patent 4.285.720. or a 
urea-formaldehyde polymer as described in U.S. Patent 4.956.129. The polyurea is especially preferred. 

In brief, the process comprises the following steps. 
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Step 1 . Producing the solid iMOlogically active material with the required particle size, suitably by a milling process. 
The prefenred average particle size of the solid is 0.01-50 microns, preferably 1-10 microns and even more preferably 
1-5 microns. 

Step 2. Suspending the solid biologically active material in an organic liquid. The liquid is preferably a poor solvent 

5 for the solid, that is it will not dissolve large quantities of the solid. The liquid must also be immiscible with water, but 
polar enough to dissolve the prepolymers used in the microencapsulation process. 

The liquid preferably contains a dispersant capable of keeping the solid in the liquid but which does not allow the 
solid to be extracted into the water when the suspension is dispersed into water. In addition, when the suspension is 
added to water, the dispersant must not allow phase inversion to occur i.e.. the water must not be allowed to be taken 

10 into an emulsion by the organic Iquid. 

The exact choice of dispersants will depend on the choice of solid and the liquid but prefenred dispersants are non- 
ionic surfactants which act by steric hindrance and are active only at the solid/organic liquid interface and do not act as 
emulsifying agents. Such dispersants are suitably made up of 0 a polymeric chain having a strong affinity for the liquid 
and iO a group which will absorb strongly to the sold. 

IS Examples of such dispersants are Hypermer PS1, Hypermer PS2, Hypermer PS3 and Hypermer LP2; Atiox LP1, 
Atkw LP2, Atiox LP4, Attox LPS, Atiox LP6. Atlox PS2 and Atiox PS3 available from ICI Amertoas Inc.. Wilmington, Del- 
aware; and Agrimer polymers from OAF, e.g.. Agrimer AL-220, Agrimer AL-216. 

In general, the range of dispersant concentration used Is from about 0.01 to about 10% by weight based on tiie 
organic phase, but higher concentration of surfactant may also be used. 

20 Ahemativety, the procedures of Steps 1 and 2 may be varied by prefbnning a milling process, to reduce the particle 
size of the solid, after the solid biologically active material is suspended in tiie organic liquid (media milling). 

Step 3: A physical dispersion of a water-immiscible phase In an aqueous phase is prepared. To obtain the appro- 
priate dispersion, tfie organic phase is added to the aqueous phase, with stirring. A suitable dispersing means Is 
employed to disperse tiie organic phase in tiie liquid phase. The means may be any high shear device, so as to obtain 

25 a desired droplet (and corresponding microcapsule particle) size wlttiin the range of from about 1 to about 200 microns. 
Preferably the droplet size is from about 1 to about 30 microns, most preferably from about 3 to about 20 microns, aver- 
aga Once tiie proper droplet size Is obtained, tiie dispersion means Is discontinued. Only mild agitafion Is required for 
the remainder of tiie process. The water-immlsdble phase comprises tiie solkl. biologically active compound sus- 
pended in tiie \k\uki to be encapsulated prepared as described above In Steps 1 and 2. The aqueous phase is com- 

30 prised of water and a material termed a "protective cdlokl'. Preferably it furttier contains a surfactant 

In general, the surfactant or surfactants In this phase may be aniortic or non-ionic surfactants with an HLB range of 
from about 12 to about 16 that is high enough to form a stable oil-in-water emulsion. If more than one surfactant is used, 
the individual surfactants may have values lower than 1 2 or higher ttian 16. However, when combined together the over- 
all HLB value of tiie surfactants will be in tiie range 12-16. Suitable surfactants include polyetiiylene glycol ethers of lin- 

35 ear alcohols, ettioxylated nonylphenols, naphttialene sulfonates, and tiie like. Other suitable surfactants include block 
copolymers of propylene oxide and etiiylene oxide and anionic/honionic blends. Preferably the hydrophobic portion of 
the surfactant has chemical characteristics similar to tiie organic liquid. Thus, when the organic \iquid is an aromatic sol- 
vent, tiie surfactant would suitably be an ettioxylated nonphylphenol. 

Especially prefen'ed surfactants are Tergitol NP7, Tergitol NP40 and Tergitol 15-S-20. 

40 In general, ttie range of surfactant concentration in ttie process is from about 0.01 to about 10.0 percent by weight, 
based on the aqueous phase, but higher concentrations of factant may also be used. 

The protective colloid present in ttie aqueous (or continuous) phase must absorb strongly onto the surface of ttie 
oil droplets. Suitable collokJ fomning materials Include one or more of polyalkylates. mettiyl cellulose, polyvinyl alcohol. 
polyacrylamkJe. poly(metiiylvinyl ettier/maleic anhydrWe). graft copolymers of polyvinyl alcohol and methylvlnyl 

45 ettierAnalelc acid (hydrolyzed mettiylvinyl ettier/maleic anhydrkJe; see U.S. Patent 4,448,929, which is hereby incorpo- 
rated by reference herein), and alkali metal or alkaline earth metal llgnosulfbnates. Preferably, however, tiie protective 
colloid is selected from alkali metal and alkaline earth metal lignosuHonates. most preferably sodium lignosulfonates. 
Especially preferred colloids also contain polyvinyl alcohol. 

There must be sufficient colloid present to afford complete coverage of the surfaces of all tiie droplets of the organic 

50 liquid. The amount of protective colloid employed will depend on various factors, such as molecular weight compatibil- 
ity, etc. The protective colloid can be added to tiie aqueous phase prior to the addition of ttie organic phase, or can be 
added to the overall system after ttie addition of ttie organic phase or tiie dispersion of It. The protective colloid is gen- 
erally present in tiie aqueous phase in an amount of from about 0.1 to about 10.0 percent by weight. 

Any surfactant used In the aeneous phase must not displace tiie protective colloid from ttie surface of the droplets 

55 of organic lk|uid. 

If the water-immiscible liquid is a thiocarbamale or a haloacetanilide herbicide, then depending on ttie intended 
application or use of ttiis microencapsulated product, the compositions of ttiis invention may also include a herbicide 
safener or antidote. 
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Safeners or antidotes, vvhen included, will usually be contained in the organic or water-immiscMe phase. 
The prefen'ed average particle size of the droplets of the water-immiscible liquid containing a biologically active 
solid in 1 -200 microns, preferably 1 -30 microns and more preferably 3-20 microns. Particle size can be adjusted accord- 
ing to the end use of the microcapsules by adjusting stirring speed and time, and by the choice of surfectants and the 
5 amount of surfactants employed. 

In order to obtain the microcapsules, the organic liquid and/or the water must contain one or more materials which 
can react to form a polymer at the interface between the organic liquid and the water. 

In the process described in U.S. Paterit 4.285.720, polyisocyanates are dissolved in the organic phase (i.e.. at Step 
2 in the above procedure) and polymerization takes place by hydrolysis of the prepctymers at the water/organic liquid 
10 interface to form antines which, in turn, react with unhydrolyzed monomers to form the potyurea microcapsule wall. A 
single compound or a rraxture of two or more polyisocyanates may be used. Mixtures are preferred. Of the polyisocy- 
anates. polymethylene pdyphenylisocyanate (PARI), and isomeric mixtures of toluene diisocyanate (TDI) are prefen'ed. 
Particularly prefened are mixtures of polymethylene polyphenylisocyanate with isomeric mixtures off toluene diisocy- 
anate, in a weight ratio of PAPIrTDI off from about 1 :30 to about 4:1 , especially 1 :10 to 1 :1 . 
75 The amount off the organic polyisocyanate used in the process will determine the wall content of the microcapsules 
In general, the microcapsule wall will comprise from about 2.0 to about 75.0 percent by weight of the microcapsule. 
Most preferably the wall will comprise from about 4 to about 1 5% by weight, of the microcapsule. 

The dispersion is maintained in a temperature range of from about 20'*C to about SO^'C preferably 40*- 60*C during 
which the condensation reaction takes place to form the polyurea. at the interfaces between the droplets of the organic 
20 phase and the aqueous phasa 

A thiocarbamate or a hak>acetanilide heribtekJe may be used as a solvent fbr the polyisocyanates. Alternativeiy. sol- 
vents such as xylene may be used (see Canadian Patent 1 .094.402). 

Another suitable system fbr forming microcapsules is described in U.S. 4.956,129, In which the polymer is formed 
from an etherified urea-fbrmaldehyde prepolymer in which 50-98% off the methyld groups have been etherif led with a 
25 C4-C10 alcohol. Self-condensation off the prepolymer takes place under the action of heat at low pH. for example at pH 
0-4at20-100°C. 

To form the microcapsules, the temperature of the two-phase mixture is raised to a value of from about 20°C to 
about go^'C. preferably from about 40''C to about 90''C. most preferably from about 40''C to about SO^'C. Depending on 
the system, the pH value may be aci|justed to an appropriate level. 
30 The following are examples of preparations of compositions of this invention. 

GENERAL PROCEDURE 

In the first two examples which follow, the compositions were prepared by the following general procedure: 
The organic phase was added to the aqueous phase, and an oil-in-water emulsion was formed by means off a high 
shear stirrer. The average particle size was in the range of 1 1 .Ott 2 microns. While mild agitation was maintained, the 
temperature of the batch was raised to 50^*0 over a period of 30 minutes, and held at 50°C for 3 hours. The resulting 
microcapsule suspension was tiien allowed to cool to room temperature. The additional ingredients were then added 
and the pH was then adjusted to 1 1 .0 with 50% caustic. 

EXAMPLE 1 14473-27-1 

A oonrpositkNi was prepared using the general procedure desaibed above with the following ingredients. 
45 



50 



55 



5 



EP0730406B1 



Componont 


Weight g. 


Weight % 


ORGANIC PHASE 






Atrazine (technical grade) 


65.0 


16.58 


Acetochlor (techniccil grade) 


100.0 


25 51 


N.N-diallyldichloroacetamide 


17.0 


433 


Hypermer IPS 


9.0 


2.30 


Hypermer LP1 


4.0 


1.02 


Polymethytene polyphenylisocyanate 


2.0 


0:51 


Toluene diisocyanate 


9.0 


2.29 


AQUEOUS PHASE 






Reax 100M (sodium salt of lignosutfbnic add, 40% solution in water) 


18.0 


459 


Gelvatol 40/10 (PVA. 20% solution in water) 


18 0 


4 59 


Teraitol NP7 ^20% solution in water) 




1 n2> 


Tergitol NP40 (70% solution in water) 


1.0 


0.26 


Water 


138.8 


35.15 


ADDITIONAL INGREDIENTS 






Attapulghe (attagel 40) ^ 


3.8 


0.98 


Xanthan gum (Kelzan) ^ 


0.3 


0.07 


Sodium cartxmate ^ 


2.7 


0.70 


Proxel QXL ^ 


0.4 


0.10 


TOTAL 




^ 00.0b 


The resulting miaoencapsulated product had an average particle diameter of 10.0 microns. 



s suspending agent 
s buffering agent 
Bbiodde 
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EXAMPLE 11 14585-26 A composition was prepared using the general procedure described atxive with the following 
ingredients. 



Coniponent 


Weight* g. 


Weight % 


ORGANIC PHASE 




• 


2-(2-nttro-4*m6thanesulfonylbenzoyO-1 ,3-cyclohexanedione 


50.0 


12.50 


Solvesso 200 


115.0 


28.75 


Hypenmer LP6 (40% solution in hydrocartxnis) 


32.0 


A AA 

8.00 


Polymethylene pdyphenytisocyanate 


A A 

8.0 


A AA 

2.00 


Toluene diisocyanate 


8.0 


2.00 


AQUEOUS PHASE 






Reax 100M (sodium of lignosutfbnic add, 40% solution in water) 


18.0 


4.50 


Gelvakol 40/10 (PVA. 20% solution in water) 


18.0 


4.50 


Tergito) NP7 (20% solution in water) 


A A 

4.0 


•4 AA 

1.00 


Terg'itol NP40 (70% solution in water) 


1.0 


0.25 


Water 


138.8 


34.70 


ADDITIONAL INGREDIENTS 






Attapulgrte (attagel 40) 


3.8 


0.95 


Xanthan gum (Kelzan) 


0.3 


0.07 


Sodium carbonate 


2.7 


0.68 


Proxel GXL 


0.4 


0.10 


TOTAL 


400.00 


ibo.bO 



The resulting microencapsulated product had an average particle diameter or 12.5 microns. 

In each Example the final product of the process was analyzed by microscopy and polarography. The results 
showed that the suspension of biologically active solid was successfully microencapsulated and the aqueous phase 
was substantially free of the solid. 

Claims 

1. A microcapsule containing a solid biologically active compound selected from the groLq3 comprising pharmaceuti- 
cals and agrochemicals suspended In an organic liquid containing a dispersant which is active only at the 
solid/organic Hquid interfece and does not act as an emulsifying agent 

2. A microcapsule according to claim 1 wherein the liquid is a water-immiscible liquid. 

3. A microcapsule according to daim 1 or 2 wherein the biologically active conpound is an agrochemical. 

4. A microcapsule according to any of daims 1 -3 wherein the agrochemical is a heibicde. 

5. A microcapsule according to daim 4 wherein the hert)icide is atrazine. 

6. A microcapsule according to any of claims 1-5 wherein the liquid is a biologically active compound selected from 
the group comprising pharmaceuticals and agrochemicals. 

7. A microcapsule according to daim 6 wherein the liquid is a herbidde. 
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8. A micrcx^psule according to claim 7 wherein the liquid is a haloacetanalide or a thlocaibaniate. 

9. A niicrocapsule according to daim 8 wherein the liquid heibicide is acetochlor. 

10. A microcapsule according to any of claims 7-9 wherein a herbicide safener is also present in the microcapsule. 

1 1 . A microcapsule according to any of claims 1-10 wherein the microcapsule Is formed by an Interfacial polymerization 
reaction. 

1 2. A microcapsule according to any of claims 1 -1 1 in which a polyurea capsule is formed from isocyanate monomers. 

13. A microcapsule according to claim 12 in which the isocyanate monomer is a mixture of polymethylene polyphenyl- 
isocyanate and an isomeric mixture of toluene diisocyanate. 

14. A microcapsule according to claim 1 containing from about 0.1 to about 55 weight percent of biologically active 
compounds. 

1 5. A microcapsule according to daim 1 in which the capsule is fomned from an etherif led urea-formaldehyde prepoly- 
mer. 

1 6. A microcapsule according to daim 1 5 in which the urea-fbrmakfehyde polymer is produced from an etherif ied urea- 
formaldehyde prepolymer in which from about 50% to about 98% of the methylol groups of the said prepolymer 
have been etherif ied with a C4-Cto alcohol. 

17. A microcapsule according to any of claims 12-16 in which the polymer comprises from about 4 to about 15% by 
weight of the capsule. 

18. A process for preparing microcapsules containing a solid, biologically active compound selected from the group 
comprising pharmaceuticals and agrochemicals suspended in liquid containing a dispersant active only at the 
solid/organic liquid interface and which does not act as an emulsifying agent which process coniprises: 

a) preparing a suspension of said compound In an organic \\qM which Is immisdble with water and which con- 
tains a dispersant active only at the solid/organic liquid interface and which does not act as an emulsifying 
agent by either: 

i) producing a powder of said compound with a particle size of 0.01 -50 microns and suspending said pow- 
der In said organic liquid, or 

iO media milling said compound to a particle size of 0.01-50 microns and suspending said compound in 
said organic liquid: 

b) introducing said suspension into water containing a protective colloid and optionally a surfactant capable of 
maintaining the organic liquid as droplets in the water without extracting the soTid from the organic liquid into 

' the water: the organic liquid and^or the water containing in solution one or more monomers or prepolymers 
which can react to form a polymer at the interface of the organic liquid and water; 

c) mixing the suspension of organic liquid in the aqueous phase under high shear to form an oil-in-water emul- 
sion; and 

d) adjusting as necessary the temperature and/or pH of the oil-in-water emulsion such that a polymerization 
reaction takes place to form the microcapsules. 

19. A process according to daim 18 wherein the partide size of the biologically active solid is MO microns. 

20. A process according to claim 18 or 19 wherein the particle size of the droplets of organic liquid after dispersion in 
the water is 1-30 nv'crons. 

21. A process according to any of daims 18-20 in which the protective colloid is an alkaline metal or alkaline earth 
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metal lignosulfonate and optionatly also contains polyvinyl alcohol. 

22. A process according to any of claims 18-21 in which the surfactant in the aqueous phase has an HLB value of 12- 
16. 

23. A process according to any claims 18-22 wherein the prepolymer is an organic polyisocyanate dissolved in the 
organic liquid which when heated forms a polyurea by hydrolysis off an isocyanate to an amine which in turn reacts 
with anottier isocyanate to fbnn the polyurea. 

24. A process according to claim 23 in which the poiisocyanate is a mixture of polymethylene polyphenylisocyanate 
and an isomeric mixture of toluene diisocyanate. 

25. A process according to any of claims 1 8-24 wherein the prepolymer is an etherif led urea-formaldehyde prepolymer 
in which about 50-98% of the methylol groups have been etherified with a C4-C10 alcohol, and which forms a solid 
polymer at pH 0-4 at 20-100''C. 

PatentansprQche 

1 . Mikrokapsel, die eine teste biologisch aktive Vert>indung, ausgewdhlt aus Arzneimitteln und AgrochentiKalien, sus- 
pendiert in einer organischen RQssigkeit enthdlt, die ein Dispergierntittel enthdlt, das nur an der Grenzfldche Fest- 
stoff/organische Flussigkeit aktiv ist und nicht als Emulglermittel dient 

2. Mikrokapsel nach Anspruch 1 . in der die FlOssigkeit eine mit Wasser nicht mischbare RQssigkeit ist. 

3. Mikrokapsel nach Anspruch 1 Oder 2. in dor die biologisch aktive Verbindung eine Agrochemikalie ist. 

4. Mikrokapsel nach einem der AnsprQche 1 - 3. in der die Agrochemikalie ein HerbizKl ist. 

5. Mikrokapsel nach Anspruch 4, in der das Herbizid Atrazln ist. 

6. Mikrokapsel nach einem der AnsprOche 1 - 5. in der die RQssigkeit eine biologisch aktive Veibindung, ausgewdhlt 
aus Arzneimitteln und Agrochemikalien, ist 

7. Mikrokapsel nach Anspruch 6, in der die RQssigkeit ein Herbizid ist. 

8. Mikrokapsel nach Anspruch 7, in der die RQssigkeit ein Halogenacetanilid Oder ein Thiocarbamat ist. 

9. Mikrokapsel nach Anspruch 8, in der das f IQssige Herhizid Acetochlor ist. 

10. Mikrokapsel nach einem der AnsprQche 7 - 9. in der ein HerbizkJsicherungsmittel eben^ls in der Mikrokapsel vor- 
handen isL 

11. Mikrokapsel nach einem der AnsprQche 1 • 10, in der die Mikrokapsel durch eine Grenzfldchenpolymerisations- 
reaktion gebildet wird. 

12. Mikrokapsel nach einem der AnsprQche 1 - 11 , in der eine Polyharnstoffkapsel aus Isocyanatmonomeren gebildet 
wird. 

13. Mikrokapsel nach Anspruch 12. in der das Isocyanatmonomer ein Gemisch aus Poiymethylenpolyphenylisocyanat 
und einem isomeren Gemisch von ToluoUiisocyanat ist. 

14. Mikrokapsel nach Anspruch 1 . die etwa 0.1 bis etwa 55 Gew.-% der biolocpsch aktiven Verbindungen enthan 

15. Mikrokapsel nach Anspruch 1 , in der die Kapsel aus einem veretherten Harnstoff-Formaldehyd-Prepolymer gebil- 
det wird. 

1 6. Mikrokapsel nach Anspruch 1 5. in der das Harnstoff-Formaldehyd-Polymer aus anem veretherten Harnstoff -Form- 
aldehyd-Prepolymer gebildet wird, in dem etwa 50 % bis etwa 98 % der Methylolgruppen des Prepotymers mit 
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einem C^-C^ Q-Mkoho] verethert wurden. 

17. MikroKapselnach einem derAnsprOche 12- 16JnderdasPdymeretwa4bisetwa15Qew.-%derKapse)urnfa6t 

5 ia Verfahren zur Hersteltung von MikroKapseln. die eine teste biotogiech aktive Verbindung, ausgewdhit aus Arznei- 
mitteln und Agrochenfvkalien, suspendiert in einer RQssigkeit enthalten. die ein Disperglerouttel entiidit das nur an 
der G^enzf lache Feststoff^organische RQssigkeit aktiv ist und nicht als Emulgiernnittel dient, wobei das Verfahren 
umfaOt: 

10 a) IHerstellen einer Suspension der Verbindung in einer organischen RQssigkeit, die mit Wasser nicht mischbar 

Ist und ein nur an der Grenzfiache Feststoff/organische RQssigkeit wirksames Dispergiermittel enthdlt, das 
nicht als Emulgiermittel dient. durch entweder: 

i) Herstellen eines Pulvers der Verbindung mit einer Teitehengr06e von 0.01 - 50 Mikron und Suspendieren 
IS des Pulvers in der organischen FIQssigkeit Oder 

ii) Mahlen der Verbindung mit einem Hitfsmittel auf eine TeilchengrOBe von 0.01 - 50 MIkron und Suspen- 
dieren der Veibindung in der organischen RQssigkeit; 

b) Einbringen der Suspension in Wasser, das ein Schutzkollokii und gegebenenfalls ein grenzfldchenaktives 
20 Mittel enthait, das dazu f ahig ist die organische FIQssigkeit als TrOpfchen im Wasser zu halten, ohne den Fest- 

stoff aus der organischen FIQssigkeit in das Wasser zu extrahieren; wobei die organische RQssigkeit und/oder 
das Wasser in Ldsung ein Oder mehrere Monomere oder Prepolymere enthalten. die reagieren kOnnen, wobei 
an der Grenzfldche der organischen RQssigkeit und Wasser ein Polymer gebikiet wird; 

c) Mischen der Suspension der organischen RQssigkeit in der wdBrigen Phase unter hoher Scherung, wobei 
25 eine Cl-in-Wasser-Emulsion gebikJet wird; 

und 

d) Einstellen der Temperatur und/oder des pH-Werts der Ol-in-)Atoser-Emul8ion, fells erforderlich derart. daB 
eine Polymerisationsreaktion stattf indet wobei die Mikrokapsein gebikiet werden. 

.30 19. Verfahren nach Anspruch 18. wobei die TeilchengrOBe des biologisch aktiven Feststoffs 1 - 10 Mikron betr^gt. 

20. Verfahren nach Anspruch 18 oder 19, wobei die TeilchengrOBe der TrOpfchen der organischen FIQssigkeit nach 
Dispersion im Wasser 1 - 30 Mikron betrdgt. 

35 21. Verfahren nach einem der AnsprQche 18-20, wc^ei das Schutzkollokl ein Alkalimetail- oder Erdalkalimetalli- 
gnosulfonat ist und gegebenenfalls auch Polyvinylalkohol enthaiL 

22. Verfahren nach einem der AnsprQche 18-21, wobei das grenzfldchenaktive Mittel in der wdBrigen Phase einen 
HLB-Wert von 12 - 16 aufweist. 

40 

23. Verfahren nach einem der AnsprQche 18-22, wobei das Prepdymer ein organlsches Polyisocyanat gelQst in der 
organischen RQssigkeit ist, das beim Erhitzen durch Hydrolyse eines Isocyanals zu einem Amin einen Polyharn- 
stoff bikJet. wobei das Amin wiederum mit einem anderen Isocyanat reagiert, wobei der Polyharnstoff gebildet wird. 

45 24. Verfahren nach Anspruch 23. wobei das Polyisocyanat ein Gemisch von Polymethylenpolyphenylisocyanat und ein 
isomeres Gemisch von Toluoldiisocyanat ist 

25. Verfahren nach einem der AnsprQche 18-24. wobei das Prepolymer ein verethertes Harnstoff-Formaldehyd-Pre- 
polymer ist, in dem etwa 50 • 98 % der Methylolgruppen mit einem C4-Cio-Alkohol verethert wurden, und das ein 
so testes Polymer bei einem pH-Wert von 0 - 4 bei 20 - 1 0O^'C bikiet 

Revendications 

1. Microcapsule contenant un compose biologiquement actif solkJe choisi dans le groupe oomprenant les produits 
55 pharmaceutiques et les produits agrochlmiques en suspension dans un IkfukJe organique contenant un dispersant 

qui est actif seulement k I'interface soiide/ikjuide organique et qui n'agit pas comma un agent ^mulsif iant. 

2. Microcapsule selon la revendication 1 dans laquelle ie liquide est un liquide immiscible k Teau. 
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3. Microcapsule selon la revendication 1 ou 2 dans laquelle le compost biologiquement actif est un produit agrochi- 
mique. 

4. Miaocapsule selon Vune quelconque des revendlcaUons 1^3 dans laquelle le produit agrochlmique est un herbi- 
s cide. 

5. Microcapsule selon la re\^endlcation 4 dans laquelle rhert>icide est I'atrazine. 

6. Microcapsule selon I'une quelconque des revendications 1 k 5 dans laquelle le liqulde est un compose biologique- 
10 ment actif choisi dans le groipe comprenant les produits pharmaceutiques et les produits agrochimiques. 

7. Microcapsule selon la revendication 6 dans laquelle le liquide est un herbicide. 

8. Miaocapsule selon la revendication 7 dans laquelle le liquide est un halog6noac6tanilide ou un thiocarbamate. 

75 

9. Miaocapsule selon la revendication 8 dans laquelle rherbicide liquide est I'acdtochlore. 

10. Miaocapsule selon Tune quelconque des revendications 7k 9 dans laquelle un agent d*inocuit6 pour herbicides 
est present aussi dans la microcapsule. 

20 

11. Miaocapsule selon I'une quelconque des revendications 1^10 dans laquelle la microcapsule est form^e par une 
reaction de polymerisation interfiaciale. 

12. Miaocapsule selon Tune quelconque des revendications 1^11 dans laquelle une capsule de polyur^e est form6e 
25 k partir de monomdres isocyanates. 

13. Miaocapsule selon la revendication 12 dans laquelle le monomke isocyanate est un melange de polym6tiiyl^e- 
polyph^ylisocyanate et d*un melange disomies de toludnedllsocyanate. 

30 14. Miaocapsule selon la revendication 1 contenant d^environ 0.1 h environ 55% en masse de composes biologique- 
ment actifs. 

15. Miaocapsule selon la revendication .1 dans laquelle la capsule est form^e ^ partir d'un pr^polymdre ur6e-formal- 
d6hyde ^th^if 16. 

35 

16. Microcapsule selon la revendication 15 dans laquelle le polym^re ur6e-formald6hyde est produit ^ partir d*un pr6- 
polym^re ur6e-1brmald^yde ^th^if i6 dans lequel d'environ 50% k environ 98% des groupes m6thylols dudit pr^ 
polymdre ont 6t6 6th6rrfi6s avec un alcool en 64-010- 

40 17. Miaocapsule selon I'une quelconque des revendications 12^16 dans laquelle le polym^re constitue d*environ 4 k 
environ 15% en masse de la capsule. 

18. Proc^e de preparation de miaocapsules contenant un compost biologiquement actif soltde choisi dans le groupe 
comprenant les produits pharmaceutiques et les produits agrochimiques en suspension dans un liquide contenant 
45 un dispersant actif seulement k I'inteilace solide/liquide organique et qui n'agit pas comma un agent ^mulsif iant. 
lequel proced6 conprend : 

a) la preparation d*une suspension dudit compose dans un liquide organique qui est imnrtiscible k I'eau et qui 
contient un dispersant actif seulement k llnterface solide/liquide organique et qui n'agit pas comma un agent 

50 emulsif lant par : 

i) production d*une poudre dudit compose ayant une taille de particule de 0.01 - 50 lun et mise en suspen- 
sion de ladite poudre dans ledrt liquide organique, ou 

ii) broyage dudit compose avec des milieux de broyage jusqu*^ une taille de particule de 0,01-50 lun et 
55 mise en suspension dudit compose dans ledit liquide organique; 

b) introduction de ladite suspension dans de Teau contenant un colloTde protecteur et eventueliement un ten- 
sioactif capable de maintenir le liquide organique sous forme de gouttelettes dans I'eau sans extraire le solide 
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du liquide organique dans I'eau. le liquids organique et/ou Teau contenant en solution un ou plusieurs mono- 
m^res ou pr6polym6res qui peuvent r6agir pour former un potym^re k Unterface du liquide organique et de 
Teau; 

c) melange de la suspension de liquide organique dans la phase aqueuse sous cisaillement 6lev6 pour fonmer 
une Emulsion huile-dans-l'eau; et 

d) ajustenftent, selon ce qui est n6cessaire, de la temperature et/bu du pH de l'6mulsion huile-dans-l'eau de 
manidre qu*une reaction de polymerisation ait lieu pour former les microcapsules. 

1 9. Proc^de selon la revendication 1 8 dans lequel la taille de particule du solide biologiquement actif est de 1 ^ 1 0 ^m. 

20. Proc^de selon la revendication 18 ou 19 dans lequel la taille de particule des gouttelettes de liquide organique 
aprds la dispersion dans I'eau est de 1 & 30 

21 . Proc6d6 selon Tune queiconque des revendications 18 k 20 dans lequel le colloTde protecteur est un lignosulfbnate 
alcalln ou alcalino-ten'eux et contient 6ventuellement aussi du poly(alcool vinylique). 

22. Proc6d6 selon Tune queiconque des revendications 1 8 & 21 dans lequel le tensioactif dans la phase aqueuse a une 
valeurHLBde12£i16. 

23. Proc^de selon Tune queiconque des revendications 18 ^ 22 dans lequel le pr^polymdre est un polyisocyanate 
organique dissous dans le liquide organique qui, lorsqu'il est chauff6, Ibrme une polyur^e par hydrolyse dun iso- 
cyanate en une amine qui. k son tour, rdagit avec un autre isocyanate pour former la polyuria. 

24. Proc6d6 selon la revendication 23 dans lequel le polyisocyanate est un melange de polymethyienepolyph6nyliso- 
cyanate et d'un melange disomdres de totuenediisocyanate. 

25. Proc6d6 selon I'une queiconque des revendications 18 k 24 dans lequel le pr^polym^re est un pr^poiymere ur6e- 
fbrmaldehyde 6th6rif 16 dans lequel environ 50 k 98% des groipes mdthylols ont M ethM ite avec un alcool en 
C4-C^o. et qui Ibrme un polymdre solide ft un pH de 0 li 4 & 20-100^C. 
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